to Neospora infection develop a parasite-specific antibody response that may provide valuable information on the exposure status of the cow. At this point, however, neither fetal nor maternal serology is a satisfactory substitute for histologic examination of brain for the diagnosis of Neosporainduced abortion.
Eleven cows aborted during this abortion storm. Neospora was confirmed in all 7 of the fetuses in which brain was available and suitable for examination. This report illustrates the emerging importance of this disease in areas other than the West Coast and Southwest. Because Neospora has been reported from every region of the United States, 5,6 it should be included on the list of agents capable of causing abortion storms in dairy cattle irrespective of the geographic location of the herd.
Systemic neosporosis in a California black-tailed deer (Odocoileus hemionus columbianus)
Leslie W. Woods, Mark L. Anderson, Pamela K. Swift, Karen W. Sverlow Natural infection with Neospora sp. has previously been reported in dogs 7,14 cattle 1, 3, 5, 18, 19 sheep, 13 goats 4,12 and horses 16 Experimental infectibn of cattle, 6,18 rats, mice, gerbils, . and sheep has been reported. 10, 11, 15 This is the first report of naturally acquired neosporosis in a deer.
In the summer of 1993, a female black-tailed fawn (Odocoileus hemionus columbianus), approximately 2 months of age, was found dead in Sacramento County, California. No signs of illness prior to death were reported. The carcass was submitted to the California Wildlife Investigations Laboratory, California Department of Fish and Game facility at Rancho Cordova for necropsy. Gross findings included emaciation, pulmonary edema, soft pulpy kidneys, and scant straw-colored pericardial fluid. Liver, kidney, and lung were collected, fixed in formalin, and submitted to the California Veterinary Diagnostic Laboratory at Davis for histopathologic evaluation.
Significant histopathologic changes were evident in the lung, liver, and kidney. In the lung, there was a diffuse, moderate interstitial pneumonia characterized by diffuse interstitial edema with moderate, diffuse infiltrates of mixed mononuclear inflammatory cells. A variable amount of protein-rich edema fluid and macrophages were present within alveoli. Fibrin thrombi and degenerated neutrophils were evident in large pulmonary arteries and within scattered capillaries throughout the interalveolar septa. In the hematoxylin and eosin (HE)-stained sections, clusters of protozoa were present within the alveolar septa and occasionally within alveolar spaces ( Fig. 1 ). Tachyzoites were ovoid or round, 1-3 x 2-5 µm with single central-eccentric nuclei. Hepatic architecture was moderately disrupted by bridging portal and central fibrosis, which extended into the lobules in sinusoidal spaces. There were multiple random foci of coagulation necrosis variably associated with light neutrophilic infiltrates. Scattered bile ducts and canaliculi were distended with bile. Moderate mixed mononuclear inflammatory cell infiltrates were sometimes present in portal regions. The kidney showed marked autolysis. There was infrequent tubular necrosis and occasional light mixed mononuclear interstitial infiltrates. Tachyzoites were evident in vacuoles in tubular epithelial cells and within tubular lumina.
Immunohistochemical techniques were utilized for identification of the protozoa within the tissues. 17 Paraffin-embedded sections (3-4 µm) of lung, liver, and kidney were adhered to Probe-on charged glass slides a and tissue sections were processed using a microprobe system. a Tissue sections were deparaffinized in xylene, rehydrated, and incubated for 10 minutes with 3% H 2 O 2 in methanol to quench endogenous peroxidase. The specimens were digested in 0.4% pepsin (w/v in 0.1 N HCl, pH 7.8) for 15 minutes at 37 C and washed 3 times in phosphate-buffered saline solution. Specimens were incubated at room temperature (20 C) in humidified chambers. A 30-minute incubation with 20% goat serum was used to inhibit nonspecific binding. Neospora sp. antiserum, used at a 1:200 dilution, was produced in a rabbit immunized with cultured Neospora sp. tachyzoites isolated from an aborted bovine fetus. 6 Toxoplasma gondii antiserum (1:750 dilution) was produced in a rabbit using the RH strain tachyzoites. b An initial intravenous inoculation of a lysate of 6 x 10 6 T. gondii tachyzoites was followed by 7 subcutaneous and intramuscular inoculations of a similar inoculum over a period of 4 months. Additionally, rabbit antisera to Neospora caninum c and T. gondii ME-49 strain c were used, each at a 1:1,000 dilution. All primary antibodies were incubated 1 hour at room temperature. A routine avidin-biotin complex (ABC) procedure d was used and aminoethylcarbazole e was used as chromogen. The sections were lightly counterstained with Mayer's hematoxylin. Brain from mice experimentally inoculated with Neospora sp. and T. gondii served as positive controls.
Intense positive staining of zoites was noted with both Neospora sp. antisera (Fig. 1, inset) , whereas staining was negligible with T. gondii antisera. Tissue distribution of Neospora sp. tachyzoites was more clearly defined in sections stained immunohistochemically. Tachyzoites were most numerous in the kidney and lung. Clusters of tachyzoites were most commonly found in medullary tubular epithelium in the kidney and occasionally free within tubular luinina. Less commonly, tight clusters of tachyzoites were evident in the endothelium. Rarely, clusters of 2-10 zoites were contained within a thin, positively stained membrane. In the lung, tachyzoites were seen singly and in clusters free within alveolar spaces and in alveolar epithelium and capillary endothelium in the interalveolar septa. In the liver, tachyzoites were distributed within hepatocytes, sinusoidal endothelium, and Kupffer cells, and some were free within sinusoids. Tachyzoites were most numerous adjacent to and at the periphery of necrotic foci. A diagnosis of systemic neosporosis was made on the basis of the nature and distribution of the lesions. Because Neospora sp. organisms were highly associated with the lesions and no other causes were evident, Neospora sp. infection was considered the most likely cause of lesions and death in this fawn.
Additional California black-tailed deer tissues were examined for Neospora sp. infection by immunohistochemistry to estimate the prevalence of systemic neosporosis in deer.
Lung and liver from 11 deer were examined using Neospora sp. immunohistochemistry. The deer were from several counties in northern California and were submitted to the California Veterinary Diagnostic Laboratory between August 1993 and December 1993 to determine the cause of death. The deer had died from several causes which included systemic adenovirus infection, lungworm infection, and starvation. All deer, including another deer from the same vicinity as the infected animal, were negative by immunohistochemistry for evidence of infection with Neospora sp.
This report of neosporosis in a fawn is the first evidence of this infection in a wildlife species. The prevalence of this infection in wildlife is unknown. Limited sampling of tissues from other deer did not reveal additional cases, but further investigations utilizing immunohistochemistry and serologic surveys are needed to clarify the extend to which Neospora sp. infection is present among deer populations. Although this information would be useful in understanding the effect of this disease in deer, it could also provide information about the sources of this infection in nature. In California, neosporosis is the major diagnosed cause of abortion in dairy cattle, and the infection is widespread throughout the state. [1] [2] [3] Because the source of infection and life cycle is unknown, information about the range species of animals that can acquire this infection may provide clues about the biology of the organism. Because deer are herbivores, they are probably intermediate hosts for Neospora sp. infection, as are cattle, but they may also serve as a wildlife reservoir.
